1 What, is claimed is: 



A 



1 l. A direct current sum bandgap volyfcage comparator 

2 comprising: 

3 a summing node ; 

„4 a plurality of current source^ connected to the 

„5 summing node, each current source supplying a current to 

6 the summing node and being connected to a power supply 

7 voltage, wherein the current at the summing node is equal 

8 to zero when the power supply / voltage is equal to a 

9 preselected voltage; and 

10 an indicator circuit having an input connected to the 

11 summing node and generating a logical signal at an output, 

12 responsive to voltage chqf^g^s ip the summing node. 



1 2 . The direct current. 

2 claim 1, wherein th< 

3 according to a band-gap 



equa 



Ldgap voltage comparator of 
fnt sources supply currents 
ion. 
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3 . The direct currerftl sum bandgap voltage comparator of 
claim 2, wherein the ^Dajnd-gap equation is: 

K X {V CC -V T ) +K 1 V T =K 2 V B J+Ks IkT/q) 



where V cc is the 



>wer 



supply voltage, V T is the threshold 
voltage,, V BE is ttfe bagfe emitter voltage, and kT/q is equal 
to the threshold voltage, V T , where k is Boltzman's 
constant, T iyfe the temperature in kelvin, q is the 
electronic charge, and K 



1 ' 



K 



2' 



and K 3 are constants. 



1 4 . The direct current sum bandgap voltage comparator of 

2 claim 3, wherein the plurality of current mirrors comprises 

3 four current mirrors. m 1 . , 
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5. The direct current sum bandq^fp voltage /comparator of 
claim 4, wherein the first cufrrent mirror includes a 
plurality of transistors and ^supplies a /current to the 
summing node defined by K^V^A^), where /v cc is the power 
supply voltage and V T is a threshold voltage in the first 
current mirror. 



6 . The direct curre 
claim 5, wherein th< 
plurality of transist 
summing node defined b 
in the second curren 



bandgap vo'ltage comparator of 
ond current mirror includes a 



. / 



s "and supplies a current to the 
1 V T , where V T ,4s a threshold voltage 
mirror. 
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7. The direct current sum bandgap voltage comparator of 
claim 6, wherein/ the third current mirror includes a 
plurality of transistors jand supplies a current to the 

,yA, A/here V_ is a base-emitter 



summing node defined by K 2 ^ B ^, /where V BE is a 
voltage define/a by 
current mirro: 



selecl^d^transistor in the third 



l f 

2 
3 




The direct current suit/ bandgap voltage comparator of 
claim i^, wherein the f^ri^h^current mirror supplies a 

g^i^e defined by K 3 (kT/q) . 

,~\ 

9 . The direct current/ sum bandgap voltage comparator of 
claim ;8 further comprising a clamping circuit connected to 
the summing node, wBeftreln a voltage swing, responsive to 
changes in current ^ap^lied by the current mirrors, may be 
selected for the summing node. 



1 10. The direct cu/fcreVit sum bandgap voltage comparator of 

2 claim 8 further /comprising a cascode stage interposed 

3 between the summing node and the current mirrors. 




The direct current 

7' 

claim jS' further comprising 



2 
3 



to the indicator circuit^ ©Reduce noise. 



h bandgap voltage comparator of 
a hysteresis circuity, connected 
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jsrl . *E^ e ^ irec *- current sum bandgap voltage comparator of 
claim jt, wherein the indica±or^circui^/includes a pair of 
inverters connected in ^series, wherein an input in the 




first inverter is fetfe input of the indicator circuit 
connected to the summing nodej^and ar^ output of the second 
inverter is the output of the indicator circuit. 




y$ . The direct current^sum bandgap voltage comparator of 



claim 



wherein the indicator circuit provides a logic 
one output if the^power supply is equal to or greater than 
a preselected voltage. 
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The zero power circuit of claim 3^, wherein/the fourth 
current mirror supplies a current to the y summing node 
defined by K 3 (kT/q) . 



23. The zero power circuit of claim 7^r furthercoitipMrsing 
a clamping circuit connected to the /Summinq^Rd^e, wherein 



a voltage swing, responsive At o^cfha 
by the current mirrors, 
node . 



n current supplied 
elected for the summing 



/ 



24. The zcto power circuit/of claim 22 further comprising 
a casc<5de stage interposed^ between the summing node and the 



Lrrent mirrors 



\ 



The zero power circuit of claim further comprising 
a hysteresis circuit connected to the indicator circuit to 
reduce noise. 

Th^e direct current sum bandgap voltage comparator of 



claim 



wherein the indicator circuit provides a logic 
one output yif the power supply is equal to or greater than 
a preselected voltage. 
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14. A zero power circ uit comprising: 



a first circuit; / 

3 a direct current sum bandgap /voltage comparator 

4 comprising: / 

_5 a summing node; / 

6 a plurality of current/ sources connected to the 

7 summing node, each current source supplying a current to 

8 the summing node and being connected to a power supply 

9 voltage, wherein the current/ at the summing node is equal 

10 to zero when the power supply voltage is equal to a 

11 preselected voltage; and\ / | 

12 an indicator <£lioKu.t having an input connected to 

13 the summing node and jgerier^ting a logical signal at an 

14 output, responsive to y/changes in the summing node; and 

1 a switching circuity for providing power to the first 

2 circuit from a primary power supply and a secondary power 

3 supply, the switching circuit being connected to the output 

4 of the indicator circuit, wherein power from the primary 

5 power supply As supplied to the first circuit if the 

6 logical signal indicates that the power supply voltage is 

7 equal to or jgreater than the preselected voltage and power 

8 from the secondary power supply is supplied to the first 

9 circuit Lf the power supply voltage is less than the 
10 preselecyed voltage. 

1 15. TMe zero power circuit of claim 14, wherein the 

2 current sources supply currents according to a band-gap 

3 equation. 



Attorney Docket No. 93-C-07 



Page 2 0 



3 

1 
2 

-3 
4 

" 5 



16. The zero power supply circuit of claim 15, wX^rein the 
band-gap equation is: 



K x (V CC -V T ) +K^V T =K 2 V BB +K 3 (kT/g) 



where is the power supply voltage, V T i/s the threshold 



voltage, V BE is the base emitter voltage, and kT/q is equal 
to the thermal voltage, where k is Boltzrnan's constant, T 
is the temperature in kelvin, q is the yelectronic charge, 



and K 



i ' 



K 2 , and K 3 , 



are constants. 



1 17. The zero power circuit of c/aim 16, wherein the 

2 plurality of current mirrors comprises four current 

3 mirrors. 



1 18. The zero power circuit 

2 secondary power supply is a 



f claim 16, wherein the 



1 19. The zero power circuit hi clfcim 17, wherein the first 

2 current mirror includes a/ plurality of transistors and 

3 supplies a current to the summing node defined by K 1 (V CC -V T ) , 

4 where V cc is the power supply voltage and V T is a threshold 

5 voltage in the first current mirror. 

1 20. The zero power circuit of claim 17, wherein the second 

2 current mirror includes a plurality of transistors and 

3 supplies a current /to the summing node defined by K 1 V T , 

4 where V T is a threshold voltage in the second current 

5 mirror. 



1 21. The zero ppwer circuit of claim 20, wherein the third 

2 current mirroi/ includes a plurality of transistors and 

3 supplies a cufrrent to the summing node defined by K 2 V BE , 

4 where V BE is base-emitter voltage defined by a selected 

5 transistor iiV the third current mirror. 
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